INTRODUCTION
In recent years, there is an ever-growing demand for low-power and low-noise mixed signal integrated circuits for applications such as portable medical systems. A high level of system integration is required to implement bio-potential system with mixed signal circuits. The most commonly observed bio-potentials used for medical diagnoses are monitored non-invasively with electrodes placed on the surface of the skin (Lee et al 2006) . These include the electrocardiogram or ECG which monitors heart activity; the electromyogram (EMG) which monitors muscle activity in the body; and the electroencephalogram (EEG) which monitors electrical activity in the brain. Generally, the integrated chip offers a relatively low-cost product for both ECG and EEG signals, but with high power consumption. To overcome this problem, programmable components with adjustable trade-off between noise and power dissipation are embedded in the same chip. The main source of noise is found in the first component, i.e. the preamplifier when recording the biomedical signals. Hence, a programmable operational amplifier (popamp) that acts as a preamplifier is the key component (Van Helleputte et al 2008) in the design of bio-medical system. Programmable opamp's are designed based on the circuit topology by Hogervorst and Huijsing (1996) The opamp design based on dynamic threshold voltage (DTMOS) transistors is preferred for low voltage, low power bio medical applications (Achigui et al 2003) . The body and the gate of this DTMOS transistor are biased at the same potential. So it is capable of processing ultra low amplitude light signals and is used to build the front end receiver part of a Near Infrared Spectro Reflectometry (NIRS) device. On the other hand, the opamp is susceptible to flicker noise (1/f), which makes it very harmful in low frequency bio medical applications because of its power spectrum and voltage 127 offset. So, the programming ability of the opamp should be exploited to work in both low noise mode and low power mode, if different medical applications are combined in one chip. An application of this type of opamp is used in the analog front end of a System on Chip (SoC) for biomedical signal acquisition (Kristian M et al 2007) . For example, the opamp is programmed in low noise mode for sensitive electroencephalogram (EEG) recordings or low power mode for mobile electrocardiogram (ECG) applications. In contrast to conventional opamp's, programmable opamp's have the advantage of being adaptable to system specification.
LITERATURE SURVEY
The need for analog circuits in nanometer CMOS technology is due to the necessity to combine both digital and analog blocks into one system forming SoC (Busze et al 2010) . Digital CMOS is always the preferred technology for the fabrication process due to its efficient economic costs. As a result, contemporary analog circuits must not only operate with low supply voltages, but should also be realizable in typical digital CMOS processes.
One of the most crucial building blocks in analog systems is the operational amplifier. Significant research has been carried out over recent years in the design and development of the operational amplifiers for low 
As a result, the amplifiers are required to have low input referred noise. Since there are many amplifiers in an implantable biomedical device, the overall power dissipation of the amplifiers has to be kept very low such that the entire device can be powered directly by inductive coupling from an RF field or from an inductively rechargeable battery. To effectively use the available power in the implantable device, the supply voltage has to be low as stage. Proper setting of these currents makes the opamp to work in low power mode (P low ) medium power mode (P medium ) and high power mode (P high ).
Opamp Design using Low Supply Voltage
The minimum supply voltage to be maintained by the opamp is set by biasing the folded cascode transistors in strong inversion region. Equations active electrodes are used. One is the potential divider effect i.e. any difference in the skin electrode impedance will limit the maximal CMRR.
Another important limitation is that while increasing the output resistance of the amplifier using the electrodes, the gain of amplifier is affected. The CMRR and gain can be improved by replacing diode connected transistors in conventional opamp structure by current mirror circuits. Thus, four different architectures are designed and proposed with different type of current mirror circuit and their performances are analyzed.
PROPOSED OPAMP ARCHITECTURE
The current mirror is one of the basic building blocks of analog integrated circuits. A current mirror is a circuit designed to copy current through one active device by controlling the current in another active device of a circuit, keeping the output current constant regardless of loading. The current being 'copied' can be, and sometimes is, a varying signal current.
Conceptually, an ideal current mirror is simply an ideal current amplifier. The current mirror is used to provide bias currents and active loads to circuits.
There are three main specifications that characterize a current Here the external bias current values for the folded cascade stage and output stage are taken as 30µA to bias transistors in strong inversion region.
Simulation and measurement is done with |Idiff1| = |Idiff2| and |Iabn|= |Iabp|. The AC analysis performed on the proposed opamp is shown in Figure 4 .8 and the CMRR is found to be 97.35dB.
Figure 4.8 CMRR of the Popamp I
The proposed opamp with simple current mirror achieves more gain, CMRR and slew rate compared to conventional opamp. Also, the input thermal noise is calculated to be lesser than conventional structure though the THD and power remains more or less the same as the conventional opamp.
The unity gain frequency is found to be 9.53MHz and is slightly lesser than the conventional opamp.
Proposed opamp with Widlar Current Mirror II-Popamp II
This proposed opamp has widlar current mirror at the output stage.
The widlar current source circuit is shown in Figure 4 .9. It uses source degenerated resistors R 1 , R 2 in its configuration. So it has tradeoff between power and area as there is practical limitation on choosing the resistor value.
Thus, it is better if transistors are replaced with resistors though the performance is improved in terms of input thermal noise. Though there is increase in slew rate and unity gain frequency compared to conventional opamp, the proposed opamp with widlar current mirror has a lesser gain and CMRR due to the restriction placed on the resistor. The input thermal noise is found to be lesser than both the conventional opamp and proposed opmap I but the THD and power remains more or less the same as the conventional opamp.
Proposed Opamp with Cascode Current Mirror III -Popamp III
In this proposed biomedical opamp, cascode current mirror is used at its output stage. In a cascode current mirror, cascoding increases the accuracy and transistors are connected as shown in Figure 4 .14. The output resistance is given as rout = g m r ds 2 and current gain is excellent as V DS1 = V DS2 . Thus, the output resistance and current gain accuracy is improved. The proposed opamp has a lesser gain and CMRR due to the shunt series feedback connection of the wilson current mirror. There is an increase 151 in power though slew rate and input thermal noise performance improves when compared to conventional opamp. The THD remains the same and unity gain frequency is found to be 9.65 MHz.
The opamp's architecture is implemented using H-Spice in Synopsis tool under 1.2V supply with CMOS 0.13 µm technology.
Performance parameters of the conventional opamp with diode connected transistors are compared with the proposed opamp with current mirror circuits and the results are tabulated in Table 4 .2. and slew rate of about 3.5115 V/µS under 22 k and 13.5 pF load.
The programmability of the proposed opamp with cascode current mirror is described here. 
CONCLUSION
A 130nm programmable CMOS operational amplifier with different types of current mirror has been proposed. Among them the opamp proposed with cascode current mirror consumes very less power, offers less noise and it amplifies the weak cortical input signals to a larger extent.
Simulation results prove that the proposed opamp shows an improvement in gain of about 2.755 dB, common mode rejection ratio of about 7.41 dB, slew rate of about 3.3815 V/µS and reduction in noise of about 2.685 nV/ Hz compared to that of the conventional opamp. So, the proposed opamp can be used as a preamplifier in biomedical applications. In the similar way, ECG signal acquisition using OTA as preamplifier and Second Order Gm-C filter as low pass filter is discussed in next chapter.
